To study how the metabolism of N-nitrosodimethylamine (NDMA) is affected by dietary protein level and chronic ethanol feeding, 24 rabbits at 18 weeks of age, assigned to four groups, each with 6 rabbits, were fed for 8 weeks on the following 4 different diets; 21% protein content containing 21.1% casein and water, 21% protein content con taining 21.1% casein and 7.5% ethanol, 7% protein content containing 4.8% casein and water, 7% protein content containing 4.8% casein and 7.5% ethanol. Body weights, liver weights and microsomal protein contents in the liver were significantly smaller in 7% protein diet groups than in 21% protein diet groups. Microsomal P-450 contents per protein content were less in 7% protein diet groups than in 21% protein diet groups. NDMA demethylation activity due to non-arachidonic acid stimulated system (NASS) and NDMA denitrosation activity were greater in 21% protein diet groups than in 7% diet groups. Chronic ethanol feeding increased NDMA denitrosation activity due to arachid onic acid stimulated system in both dietary protein levels. The ratio of NDMA demethylation activity (carcinogenic action) to NDMA denit rosation activity (detoxication action) was greater in 7% dietary protein groups than 21% dietary protein groups. The value of this ratio was decreased by chronic ethanol feeding in 7% dietary protein groups. Cytotoxic and carcinogenic actions of NDMA might be enhanced by low protein diet due to inhibition of denitrosation of NDMA in liver micro some and chronic 7.5% ethanol feeding alleviates metabolic activation of NDMA to carcinogenic compounds.
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RESULTS
The initial and final body weights, weight gain during the experiment, liver weight, the ratio of liver weight to body weight and liver microsomal protein content at the end of the experiment in four groups are presented in Table 2 .
Body weight of 7% protein feeding groups decreased during the experiment period and the body weights of 21% protein feeding groups at the end of the experiment were significantly greater than those of 7% protein feeding groups.
No significant effect of ethanol on the growth of rabbits was observed in both 7% protein feeding groups and 21% protein feeding groups.
However, body weight gains of chronic alcohol feeding groups tended to be smaller than those of control groups in both 7% and 21% protein feeding groups.
Liver weights of 21% protein feeding groups were significantly greater than those of 7% protein feeding groups. Chronic ethanol feeding decreased consid erably liver weight of rabbits fed on 7% protein diet. However this difference was statistically not significant. No significant differences in the ratio of liver weight to body weight were observed among the four groups. Microsomal protein contents per whole liver were significantly greater in 21%
protein feeding groups than in 7% protein feeding groups. Contents of microsomal protein per liver weight for 21% protein feeding groups were considerably greater than those for 7% protein feeding groups. However these differences were statistically not significant. No significant differences in this ratio were found between chronic ethanol feeding groups and controls in both 21% and 7% protein feeding groups.
Contents of P-450 and cytochrome b5, FP2 activity and those corrected for microsomal protein contents in the four groups are presented in Fig. 1A and Fig.  1B . P-450 contents per whole liver and per 1 mg microsomal protein for 21% protein feeding groups were significantly greater than those for 7% protein feeding groups. However these values were not influenced by chronic ethanol feeding in both 21% and 7% protein feeding groups. FP2 activities for whole liver were highest in 7% protein diet and water feeding group and lowest in 7% protein diet and chronic ethanol feeding group. In 21% protein diet groups, FP2 activity for whole liver was reduced slightly by chronic ethanol feeding.
FP2 activities for microsomal protein contents were significantly greater in 7%
protein feeding groups than in 21% protein feeding groups. In both 21% and 7% protein feeding groups, chronic ethanol feeding decreased FP2 activity per micro somal protein content. NDMA demethylation activates (DM) and NDMA denitrosation activities (DN) for whole liver due to arachidonic acid stimulated system (ASS) and non arachidonic acid stimulated system (NASS) were shown in Fig. 2A and Fig. 2B . DM-NASS for 21% protein feeding groups was significantly greater than that for 7% protein feeding groups while DM-ASS for 21% protein feeding groups was considerably smaller than that for 7% protein feeding groups. Chronic ethanol feeding increased DM-NASS in 21% protein feeding groups and decreased slightly both DM-NASS and DM-ASS in 7% protein feeding groups. DN-NASS and DN-ASS were significantly greater in 21% protein feeding groups than in 7% protein feeding groups. In 21% protein feeding groups, DN-ASS was increased by chronic ethanol feeding. DN-NASS and DN-ASS were increased by chronic ethanol feeding in 7% protein feeding groups. These changes induced by chronic ethanol feeding were statistically significant.
According to two-way analysis of variance, the mutual effect of chronic ethanol feeding and different dietary protein level on NDMA denitrosation activity in ASS was significant. NDMA demethylation activity and NDMA denitrosation activity due to NASS and ASS based on microsomal protein content were shown in Fig. 3A and Fig. 3B . DM-ASS for 21% protein feeding groups was significantly smaller than that for 7% protein feeding groups. DN-NASS was highest in 21% protein and ethanol feeding group. DN-NASS and DN-ASS were significantly greater in 21% protein feeding groups than in 7% protein feeding groups. These activities were increased by chronic ethanol feeding in 7% and 21% protein feeding groups. Among these differences, an increase in DN-NASS and DN-ASS in 7% protein feeding groups induced by chronic ethanol feeding was statistically significant.
DISCUSSION
The liver has many complex functions in the metabolism of protein, ethanol and other nutrients and these functions are affected by chronic ethanol feeding and different dietary protein level.
In the present study, there were no differences in plasma constituents, includ ing plasma protein level and transaminases, between water feeding groups and chronic ethanol feeding groups, though caloric intake tended to be decreased by chronic ethanol feeding (data were not presented).
Thus it can be said that changes in protein metabolism induced by chronic ethanol feeding in both 7% and 21% protein groups were small.
The decrease of dietary protein intake resulted in the greater changes in plasma constituents (data were not presented) and enzymes in the liver than chronic ethanol feeding. Therefore it is considered that changes in hepatic functions and ethanol metabolism induced by decrease of dietary protein level may be somewhat responsible for the effects of chronic ethanol feeding observed in the present experiment. However, differences in hepatic enzymes between water feeding groups and ethanol feeding groups were so great that most of the changes found between these two groups were caused by chronic ethanol feedings, though some changes were associated with difference in dietary protein level.
It is known that dietary protein level affects the metabolism of NDMA in the liver by changes in hepatic microsomal enzyme activities including P-450. As shown in Table 2 , Fig. 1A and Fig. 1B , dietary protein deficiency for 8 weeks caused a significant decrease in body weight, liver weight, microsomal protein content, microsomal P-450 content per microsomal protein content and liver.
These results suggest that NDMA was metabolized more slowly in the liver by P-450 in rabbits fed a low-protein diet. It is known that both FP2 activity and cytochrome b5 are essential for the metabolizing activity with P-450 (20, 22 activity and cytochrome b5 content per microsomal protein in 7% protein diet groups were considerably greater than those in 21% protein diet groups. Thus it is possible that the enzymatic activity of metabolizing NDMA per P-450 content might be enhanced by the increase in electron transport due to FP2 activity and cytochrome b5 in 7% protein diet groups. The hepatic P-450 is induced by many chemicals and the P-450 system is composed of many isozymes with overlapping substrate specificity (23, 24) . It is assumed that the rabbit hepatic P-450 is induced by chronic ethanol feeding and some of P-450 thus induced are capable of metabolizing NDMA in the liver.
In the present study, microsomal P-450 content, FP2 activity and cytochrome b5 content per liver did not change, but NDMA demethylation activity and NDMA denitrosation activity were enhanced by chronic alcohol feeding in 21% protein diet groups. Since metabolism of NDMA was determined mainly by P-450 activity instead of FP2 activity and amount of cytochrome b5 content, these results sug gested that P-450 content concerning metabolism of NDMA was increased and other kinds of P-450 isozymes were decreased by chronic ethanol feeding in 21% protein diet group. Induction of P-450, FP2 and cytochrome b5 by chronic ethanol feeding was impaired by low-protein feeding, and this impairment may be attri buted to protein deficiency induced by a diet containing 7% protein as compared to 21% protein diet in the control.
Metabolism of arachidonic acid and prostaglandins by P-450 have been studied extensively by many investigators (25) (26) (27) (28) . According to these investigations, it is expected that the metabolism of NDMA may be related to that of arachidonic acid. The microsomal NDMA metabolizing system can be separated from arachidonic acid stimulated system and non-arachidonic acid stimulated system (29, 30) .
As shown in Fig. 2A and Fig. 2B , NDMA demethylation activity due to arachidonic acid stimulated system was greater in 7% protein diet groups than in 21% protein diet groups while NDMA denitrosation activity in both arachidonic acid stimulated and non-arachidonic acid stimulated systems was greater in 21% protein diet groups than 7% protein diet groups. Chronic ethanol feeding tended to increase NDMA denitrosation activity in both systems. Particularly, NDMA denitrosation activity in both NASS and ASS systems was significantly augmented by 7.5% chronic ethanol feeding in 7% protein diet groups. These results clearly indicate that not only diet protein level but also ethanol feeding affects the metabolism of NDMA due to denitrosation in the liver.
The metabolic activation of NDMA to cytotoxic, mutagenic and carcinogenic metabolites occurs by the demethylation process, while the denitrosation of NDMA is considered to be detoxication process. These two metabolic pathways might be competing in the metabolism of NDMA. Thus, the ratio of NDMA demethylation to denitrosation activity may be related to cytotoxic and genotoxic action of NDMA. This ratio in four groups was shown in Fig. 4A and Fig. 4B . The ratio of NDMA demethylation activity to NDMA denitrosation activity was greater in 7% protein diet groups than in 21% protein diet groups, and chronic ethanol feeding decreased this ratio in 7% protein diet groups. According to two-way analysis of variance, mutual effect of chronic ethanol feeding and difference in 7% protein diet and 21% protein diet on the ratio of NDMA demethylation activity to NDMA denitrosation activity was significant.
These results might indicate cytotoxic and carcinogenic actions of NDMA were enhanced by protein deficiency in rabbits and chronic 7.5% ethanol feeding alleviates cytotoxic effect of NDMA in protein deficient rabbits. Further systematic studies are necessary to elucidate the effect of dietary protein level and chronic ethanol feeding on the NDMA metabolism in the liver. 
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